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wuvr TS CLAIMED Ig: 

2. a method for evolving a protein encoded by a DNA 

substrate molecule <^?*' £irst and second DBA substrate 
,., digesting at least a ^ s(jbstrate 

molecule, "herein the at least nucleotide, with 

Macules differ from each other in 

a restlicci ( °b, CS^'— »• to — te a library o£ 

re combinant ^A^molecules, ^ q£ (b) £or a 

aesired P™^^ . recomii nant BKA substrate, molecule 
encoding an evolved protein. 

- a r.f claim 1, "herein the restriction 

2 . The method of claim i cle avage sites, 
enaonuclease generates non-palindromic ends 

3 . T he method of claim f. ^^T^ti- 
4 cleavage sites. 

, , nf claim i r wherein (a) - (d) are 
a The method of claim i, 

1 . 

2 repeated. 

. , of claim i, wherein the DNA substrate 

5. The method o£ claim ±, 

2 molecule comprises a gene cluster. 

6 . Th emethodof claim 1. -^^^ Macule i 

4 mutant fragments . 

. _j of step 6 , wherein the library of 
7 The method of step o, 

1 ' „« 1c, used in the ligation of (b) . 

2 mutant fragments is used in 
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^ a at claim 7, wherein the DNA substrate 
" J^U or a f a protein selected fro. Table X. 
molecule encodes all or pa 

9 The method of claim 6, wherein mutagenesis 
comprises recursive sequence recombination. 

are subjected to mutagenesis. ^ 

u The method of claim 10, wherein mutagenesis 
comprises recursive sequence recombination. 

12 The method of claim 1. wherein the products of (d) 
are used as a DNA substrate molecule in (b) . 

.v, A of claim 10, wherein the products of- 

13. The method of claim ^> 

claim 10 are used in (d) . 

,h a at claim 1, wherein the recombinant DNA 

14. The method of claim of . recombinant DNA 
lenlle 0 f (d) comprises a library or . r 

substrate molecule ox vu; 

substrate molecules. 

15 . M evdvea pretein p^ucea by the .ethoa ot clai. 
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u . a ^ tor — zzzSZZ rJTL 

substrate .olecuie by reccnb »■»» £irst and seco „a 

suhstrate mdecuxe, wherexn the et leas a ^ 

t _ j^ffpr from eacn otnei j.** 
substrate molecules differ t ^ method comprising: 

nucl e 0tid e ana course ^J^^ PCR primers. 

proving a set of 9 ^ ^ segment , 

seco „a » substrata with the pr im ers o £ step 

polymerase chain reaction; 
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,e) assembling the products of step »> to generate a 

desired , recombinant Dra substrate molecule from 

(d) encoding an evolved protein. 

17 The method of claim 16, wherein the at least a 
£i rst and second DNA substrate molecules are subjected 
mutagenesis prior to step (a) . 

18 . The method of claim 16, wherein the at least a 
£i rst and second a* substrate molecules compr.se alleles 
gene. 

„. The method of claim 16. wherein ^ « ieast , 
£ir st and second D» substrate molecules comprrse a library 
mutants. 

a „ The method o£ claim 16, "herein the segments are 

1 defined by sites within intergenic regions. 

21. The method of claim 16, wherein the segments are 

2 defined by sites within introns. 

The method of claim 16, wherein the primers 
2 comprise "racITsubstitution at one or more thymidine resrdues. 

23. The method of claim 22. wherein the products of Q» 
2 are treated with uracil glycosylase. 

24. The method of claim 16, wherein (a] - (e) are 

2 repeated. 

-v^ri nf claim 16, wherein the at least a 
25 The method ot cxaim , , . r 

; £ir st and second « substrate molecule comprises a gene cluster. 
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26 . The method of claim .1. . "herein the at. 
and second DNA substrate Weenie encoaes aU or part of 
polymerase. 

primer differs from the at least a first 
molecules in at least one nucleotide. 

29 Th e method of claim 28, wherein the PC* primer is 
degener JL encoaes the ^^-^rT^ 
known mutant or polymorphism of the at 
substrate molecule . 

30 . The method o £ claim 2*. '<* * 

\ £ir st and seoond » substrate molecnle encodes ail P 
3 protein selected from Table I . 

31 The method of claim 17, wherein mutagenesis 
\ comprises recursive sequence recombination. 

33 . The methoa of claim 16, wherein the proaucts of (.) 
\ are subjectea to mutagenesis. 

33 The methoa of claim 32, wherein mutagenesis 
\ comprises recursive sequence recombination. 

34. The methoa of claim 32, wherein the products of 
2 claim 32 are used in (b) . 

35 The method of claim 16, wherein the products of (.) 
\ are used as a DNA substrate molecule in lb) . 

, , ■ ,£ wherein the recombinant DNA 
36. The method of claim 16, wherein en 
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= nhrarv of recombinant DNA 

2 substrate molecule of (e) comprises a library 

3 substrate molecules. 
„. An evolved protein produced by the method of claim 
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,.. A method of enriching a population of » fragments 
for mutant sequences comprising: elation of 

,., denaturing and /^"stranded 
fragments to generate . popul t«-o * * 
fragments in which at least one 

at least one base pair mismatch; fragme nts of 

(b) fragmenting the products of (a) into 

about 20-100 bp; having a mismatch on an 

(c) affinity-purifying fragments having 

^ r^^i of DNA fragments enricnea t<~>i 

affinity matrix to generate a pool of DNA 

mutant sequences; and generate a library 

(d) assembling the products of (c) to ge 

of recombinant DNA substrate molecules. 

, of claim 38, wherein the population of 
39 The method or ciaim 

. * =«- ippqt a first and second DNA 
DBft ..agents is derived fro- - ^ substrate 

substrate molecule, the at least a ^ nu cleotide. 

molecule differing from each other in 

40 The method of claim 39, wherein the at least a 
\ £i rst and second DNA substrate molecules are obtained by 

3 mutagenesis of a DBA substrate molecule. 

41 The method of claim 39, wherein the at least * 
\ £irst and second DNA substrate molecules comprise alleles of 

3 gene. 

42 The method of claim 39, wherein the at least a 
\ £ir st and second DNA substrate molecules comprise polymorphrc 
3 variants of a gene. 
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u of claim 38, wherein the DNA substrate 

43 The method or ciaim jo, . T 

«. of a orotein selected from Table I. 
lecule encodes all or part of a protein 
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44 Th a method of ciai. 38, wherein the products of (O 
are nixed with the products of (a) prior to (d) . 

„. x method for evoivin, ^^^jS^ 
8<lb strate Macule, „y receding a, . east r t a nd 
subs trate .oiecu ie wherein the a ieast a^f rr ^ ^ ^ 

:::r::: rrprrciprie — - — 

^ lEing ; a) providin, regions of ho^V in the at least^ 

£irst and ond 

™ r^;: an* ssr 

» dMired • — * inant DHA substrate m ° lecule from 

" the products of (c> encoding an evolved protein. 

«. The method of clai* 45, wherein the introns are 

2 S elf-splicing. 

, j f rl .; m45 wherein the inserted 
47. The method of claim 4b, 

. „ . +Q about 10 nonhomologous introns. 
introns comprise from about 1 to about 

48 The method of claim 45. wherein the 

. . . r.y. a restriction endonucleases 
comprises a recognition site for a restr 
LLg non-palindromic ends at cleavage sites. 

49 . The method of claim 45, wherein (b) - <d> are 

2 repeated. 

* , • ac wherein the DNA substrate 

50. The method of claim 45, wherein c 

2 molecule comprises a gene cluster. 
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e ,i a im 45 wherein at least one 

51. The method of claim 45, wn _ subje cted to 
, from a DNA substrate molecule is isolated and su 

segment from a DNA fragments, 
mutagenesis to generate a library 

/S of claim 51, wherein the library of 

52. The method of claim ox, 

m utant segments is used in the recombination ox . 

M . The method of claim 45. "herein the segments are 
defined by exons. 

54 . Th e method of claim 45. wherein the segments are 
defined by intergenic regions. 

55 . Th e method of claim 45, wherein »e at least a 
£i rst and second » substrate peonies encode, protern 
homologues. 

. lox site, and wherein the products of (b) 
a Cre + host. 

67 The method of claim 45, wherein ° 
i £irs t and second « substrate molecuie encodes all or part 

r£slpr f P d from Table I. 
3 protein selected i-j-^ 

58 . The method of claim 45, "herein the at least a 
■ £ir st and second » substrate moiecule are subjected 
3 mutagenesis prior to step (a). 

59 Th e method of claim 58, wherein mutagenesis 
\ comprises recursive seguence recombination. 

... The method of ciaim 45, wherein the products of <d» 
2 are subjected to mutagenesis. 

61 The method of claim 58, wherein mutagenesis 
\ comprises recursive seguence recombination. 



,2. The method of claim 45. wherein the products of Cdt 
are used as a DNA substrate molecule in <b> . 

-. ac ,.,v,prpin the recombinant DNA 
63 The method of claim 45, wherein cne 

„ ■» nvwarv of recombinant DNA 
substrate molecule of (d) comprises a library 

3 substrate molecules. 

M . A. evolved protein produced by the method of claim 
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6 , A method for evolving a protein encoded by 
strata molecule by recomb nr* , a s st^ ^ 

S ubstrate molecule, where m the at least a 
substrate molecules differ from each other rn at 1 ^ 
nucleotide and cerise PCR primers, 

herein for each iunction of segments a pair of prrmers re ^ 

of a segment and the other d g a mo i e cule having 

° £ ^ "ST- « ^riTereri^ril'and wherein a set of 

^ each of the at least a first and second 

3 substra ta ^ ^ ats o£ the at least a first and 

It second DNA substrate molecules with the primers of » a 

16 polymerase chain reaction; gene rate a pool 

7 (c) assembling the products of (di to a 

of the products of CC - a 

d esired . recombinant DNA substrate molecule from 

the products of <d) encoding an evolved protein. 

66. The method of claim 65, wherein (a) - (e) is 
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2 repeated. 

67. The method of claim 65, wherein the at least a 



£i rst and second DKA substrate molecule are subjected to 
mutagenesis prior to (a) . 

68 The method of claim 65, wherein the at least a 

£irst and second substrate molecule comprise seances 

encoding protein homologues. 

« The method of claim 65, wherein the primers 
• e a r acil substitution at one or more thymidine rescues. 
2 comprise a uracn 

70 . The method of claim 63, wherein the products of (b) 
2 are treated with uracil glycosylase. 

71 . The method of claim 65 \ t . 

2 firS t and second DNA substrate molecule encodes all 

3 protein selected from Table I. 

.v^r. of claim 65, wherein the at least a 
72 The method or ciaxm o^, , ter 

\ £irs t and second « substrate molecule comprises a gene cluster. 

„. An evolved protein produced by the method of claim 

74 Th e method of claim 65. wherein at ^ 
v i.«t a first and second substrate 
primer differs from the at least 
molecules in at least one nucleotxde. 

of claim 74, wherein the PCR primer 

75. The method of claim oolymorphism 
■ - . nucleotide sequence of a known mutant or polym 

TZ It le:.t a firet or second substrate molecule. 

76 . The method of claim ,5, wherein the PO . primer is 
aegenerate and encodes the nucleotide sequences « «re 
k „L mutant or polymorphism of the at least 
substrate molecule. 

„. The method of claim 67, wherein mutagenesis 
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emprises recursive sequence recombination. 

, < 65 wherein the products of (e) 

18. The method o£ claim 65, 

are subjected to mutagenesis. 

. 79 Th e method of claim 78, wherein mutagenesis 
comprises recursive sequence recombination. 

80 Tn e method o, claim 85, wherein the products of «.) 
ar e used as a DNA substrate molecule in (b) . 

el . Th e method of claim -.^^J^ST-T 
substrate molecule of (.> comprises a library 
substrate molecules. 

. . 0 vnrPBsion of a protein by 

„. a method for optimizing ^""^ , Dia 

living the protein, wherein the protein is encode 

substrate -^^"^f^ oli gonucleotides, wherein each 
,., providing a set of g complementary to 

oligonucleotide comprises ^ re gion. each 

the DNA molecule and a, ~ „ amino ac id sequence of 
degenerate region encoding a regio 

the protein,- olig onucleotides into a 

(b) assembling tne set 

library of full length genes; cell; 
(e , expressing the *' fM improvea 

(d) screening the products of 
session of therein, and^ ^ 

encoding an evolved protein from (d) 



83 . T he method of claim S 2 w e« n th %TZ«~~ 
\ oomprise about 2 0 nucleotides ^ ,„ degenerat e 

3 molecule followed by a substrate mo lecules followed 

4 nucleotides of homology „ the mh 
by about 20 nucleotides complementary 
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84. The method of claim 82, wherein the protein is 
bovine intestinal alkaline phosphatase. 

85. The method of claim 84, wherein the 
oligonucleotides comprise one or more primers from Table II. 

86 The method of claim 82, wherein the DNA substrate 
molecule encodes all or part of a protein selected from Table I. 

87. The method of claim 82, wherein the DNA molecule 
comprises a gene cluster. 

88. The method of claim 82, wherein (a) -(e) are 

repeated. 

89 The method of claim 82, wherein the 
oligonucleotides comprise at least 5< and 3- nucleotide ^ 

3 complementary to the DNA substrate molecule and about ^00 

4 nucleotides having up to about 85% sequence homology with a region 

5 of the DNA substrate molecule. 

- 90. The method of claim 89, wherein the 

2 oligonucleotides comprise a set of oligonucleotides in which each 

3 oligonucleotide overlaps with a second oligonucleotide . 

1 9i. The method of claim 82, wherein the products of (e) 

2 are subjected to mutagenesis. 

1 92. The method of claim 91, wherein mutagenesis 

2 comprises recursive sequence recombination. 

93 The method of claim 82, wherein the recombinant DNA 

2 substrate molecule of (e) comprises a library of recombinant DNA 

3 substrate molecules . 
94 . An evolved protein produced by the method of claim 
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95 a method lor optimizing expression of a protein 
encoded by substrate molecule by evolving * . protean 

« comprising:^ , host ^ with . library of 

8 mutagenized DHA substrate molecules; 

s (b) inducing expression of the protein enco 

10 ""^ ^'preparing an extract of the product of <b> ; ; 

,d> fractionating insoluble protein from compiexes of 

l SOlUbU "^recovering a"L substrate molecule encoding an 
15 evolved protein from (d) . 

96. The method of claim 95, wherein (a) -(e) are 

2 repeated. 

97 The method of claim 95, wherein the DNA substrate 

1 „ »ii or part of a protein selected from Table I. 

2 molecule encodes all or pare ox a t> 

... An evolved protein produced by the method of claim 



1 

2 95. 



99 . The method of claim 95, wherein the products of (•) 
2 are subjected to mutagenesis. 

100. The method of claim 99, wherein mutagenesis 
2 comprises recursive sequence recombination. 

The method of claim 95, wherein the products 
2 of (e) are used as a DNA substrate molecule in (a) . 

10 a The method of claim 95, wherein the ^^J^ 

1 1W ' . , . c a librarv of recombinant DNA 

2 substrate molecule of (e) comprises a library 

3 substrate molecules. 
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,03 A method £or evolving functional expression o£ 
V \vTmA substrate molecule comprising a fusion o£ 
protein encoded by a DNA sub st ^ 

a DNA sequence encoding the protein wltn Drote in. the method 

filamentous phage protein to generate a £us a on protein. 

comprising: ^ ^ in£ectious part i cle s 

expressing a fusion protein encoded by a library or mutagenrsed 
Dim sub strate molecule, ^ ^ 

the «-i- ( ^^ ty puri£ying parti cles displaying the mutant 

evolved protein from affinity purified particles of (c) . 

304. The method of claim 103. wherein (a) -(d) are 

repeated. 

105 The .ethod of claim 103, wherein the DNA substrate 
x »11 or part of a protein selected from Table I. 
molecule encodes all or pare ° ^ 

l0( . An evolved protein produced by the method of claim 

103. 

10 7. The method of claim 103, wherein the products of 
2 (d ) are subjected to mutagenesis. 

10 8 The method of claim 107, wherein mutagenesis 
\ comprises recursive sequence recombination. 

109 The method of claim 107, wherein the products of 
\ claim 107 are used as a DNA substrate molecule in (a) . 

110 The method of claim 103, wherein the DNA substrate 
H0. The meth substrat e molecules. 

2 molecule of .(e) comprises a library o 

i_ , f puim 103 wherein DNA sequence 
111. The method of claim iu.s, 
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2 encoding the filamentous phage protein comprises a phagemid. 

1 112 The method of claim 103, wherein DNA sequence 

2 encoding the filamentous phage protein comprises a phage.. 

113 . A method for optimizing expression of a Pr° tei » 
encoded, by a DNA substrate molecule comprising a fusion of a DNA 

ule encoding the protein with a DNA -^ ^^ 
heldpiece dimer, wherein the DNA- substrate molecule xs present 
a first plasmid vector, the method comprising: 

(a) providing a host cell transformed wxth the f xrst 
vector and a second vector comprising a library of mutants of at 
least one chaperonin geneand at least one lac °P™' 

(b) preparing an extract of the product of (a) , 

(c) fractionating insoluble protein from complexes of 

soluble protein and DNA; and 

(4) recovering DNA encoding a chaperonin gene from (O . 

U4 The method of claim 113. wherein the DNA substrate 
molecule encodes el! or part o£ a protein selected fro. Table I. 

115 The method of claim 113, wherein the DNA substrate 
is subjected to mutagenesis independently of the chaperonin gene 
3 prior to (a) . 

116. The method of claim 113, wherein the DNA of (d) 
2 comprises a library of mutants. 

x 117. The method of claim 113, wherein the first and 

2 second vectors are the same vector. 

118. The method of claim 113, wherein (d) further 

2 comprises recovering an evolved DNA substrate molecule from the 

3 products of (c) . 

119. An evolved chaperonin produced by the method of 
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MO. An evolved protein produced by the method of claim 

113. 

121. The method of claim 113, wherein (a) - (d) are 

repeated. 

122 . The method of claim 113, wherein the products of 
(d) are subjected to mutagenesis. 

123 . The method of claim 122, wherein mutagenesis 
comprises recursive sequence recombination. 

124 . The method of claim 122. wherein the products of 
I claim 122 are used in (a) . 

US. A method for optimizing express «» ^ ^ 

\ encoded by a DMA substrate molecule c prising a - - 

6 la) provj. 3 library of mutagenized 

, expressing a fusion protein encoded by a library 

. o»A substrate molecules, ^ ^ ^ ^ displaylng 

" tUSiOn ( P 0 raffrnity purifying particles displaying the protein 

14 affinity purified particles of (c) . 

126. The method of claim 125. wherein (a) - (d) are 

2 repeated. 

127 The method of claim 125, wherein the DNA substrate 

1 * «ii or part of a protein selected from Table I. 

2 molecule encodes all or pare or <* y 

128 . An evolved chaperonin produced by the method of 
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claim 125. 

129. An evolved protein produced by the method of claim 



1 . 130. The method of claim 125, wherein the products of 

2 (d) are subjected to mutagenesis. 

1 131. The method of claim 130, wherein mutagenesis 

2 comprises recursive sequence recombination. 



, 132. The method of claim 130, wherein the products of 

2 claim 130 are used in (a) . 



133. The method of claim 125, wherein the DNA of (d) 
comprises a library of DNA substrate molecules. 

134 The method of claim 125, wherein the DNA substrate 
lecule comprises a library of mutagenized DNA sequences encoding 
3 the protein of interest. 
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135 The method of claim 125, wherein (d) further 
comprises recovering DNA encoding the protein from affinity 



3 purified particles of (c) 

136. A method for optimizing secretion of a protein in a 



4 functions; 



host by evolving a gene encoding a secretory function, —prising: 
(a) providing a cluster of genes encoding secretory 

w , recombining at least a first and second sequence in 
the gene cluster of (a) encoding a secretory function the at 
least a first and second sequences differing from each other m at 
ieast one nucleotide, to generate a library of recombinant 
S equences.. ^ ^ ^ culture wich th e products 

o£ ft, , wherein the host cell comprises a DNA sequence encoding 
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(d) subjecting the product of (c) to screening or 

selection £ ^^^J^T^ 9 ene e n c odi n 9 a 

secretory function from the product of (d) . 

137 The method of claim 136, wherein the gene cluster 
- one recognition site for a restriction 

C ^ZZ::* "n^alildromic ends at the cleavage site. 

138. The method of claim 136, wherein the host is E. 
coll., yeast, Bacillus. Pseudomonas, or a mammalian cell . 

139. The method of claim 136, wherein the protein is a 
thermostable DNA polymerase. 

140. The method of claim 136, wherein protein is 
inducibly expressed. 

141. The method of claim 136, wherein the protein is 
linked to a secretory leader sequence. 

142.. A secretory gene evolved by the method of claim 
2 136. 

1 143. The method of claim 136, wherein (a) - (e) are 

2 repeated. 

144. The method of claim 136, wherein the DNA sequence 
2 of ce) encodes all or part of a protein selected from Table I. 

145. The method of claim 136, wherein the DNA sequence 
2 of (O comprises a library of mutant sequences. 

146'. The method of claim 136, wherein the products of 
2 (e) are subjected to mutagenesis. 

147. The method of claim 146, wherein mutagenesis 
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comprises recursive sequence recombination. 

„v, a nf claim 146, wherein the products of 
14 8. The method of claim x<*o, 

claim 146 are used in (a) . 

149 . Th e method of olaim 13*, wherein the a* of (e) 
comprises a library of evolved genes. 

150 . a method for evolving an improved D„A polymerase 
comprising:^ ^ ^ ^ mA substrate 

mol ecules encoding ^J^TTZ transfected with ... and 
(b) screening extracts on 

comparing activity with *"J^^£~U- ««- -XX- 
in (b) expressing mutant una y i 

over -a-t^^po^erase, and^ ^ ^ an 
evolved polymerase from the products of (a) . 

151 . The method of claim 150 . wherein .^^^ 
■ . ,t least one of the group of higher quality q 
activity is at least o inosine , improve 

ladder, less termination of «acti ailJeoJ(y 
acceptance of base analogs, improved acceptan 
nucleotides, and longer sequencing ladders. 

152 . The method of claim ISO , wherein th, . products of 
,., are expressed under control of arabinose promoter 

3 coli -st having a mutant host »» polymerase. 

153 . The method of claim 150, wherein (a) - (« are 

2 repeated. 

15 4 . An evolved DNA polymerase produced by the method of 

2 claim 150 . 

155 . The method of claim ISO, wherein the products of 
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2 (d) are subjected to mutagenesis. 

! 156. The method of claim 155, wherein mutagenesis 

2 comprises recursive sequence recombination. 

1 157. The method of claim 155, wherein the products of 

2 claim 155 are used in (a) . 

158. The method of claim 150, -herein the DNA substrate 
a molecule of (d. comprises a library of DNA substrate molecules. 

159 A method for evolving a DNA polymerase with an 

2 error rate greater than that of wild type DBA polymerase 

3 comprising: ^ ^ ^ 

molecules enoooing mutant DNA polymerase in a host cell comprrsrng 
\ an indicator gene having a revertible mutatron, wherern the 

. <. renlioated by the mutant DNA polymerase; 
, indrcator ^^T^ of £or re vertants of the 

J indiCat ° r (Trecovering mutant DNA substrate molecules from 

11 -™ tS ;; n ^ covering . Dm substr ate molecule encoding an 
13 evolved polymerase from the products of (cl . 

160. The method of claim 159, wherein the indicator gene 
2 is LacZalpha or GFP. 

161. The method of claim 159 wherein. the revertible 
2 mutation is a stop codon. 

1 162. The method of claim 159, wherein the host cell 

2 comprises a mutant host DNA polymerase. 

163 A method for evolving a DNA polymerase, comprising: 
(a) providing a library of mutant DNA substrate 

3 molecules encoding mutant DNA polymerase, the library compr^ng 
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plasmid ™^ ing piagmid preparations and extracts of host 

cells transfected with the products of (a); 

(c) amplifying each plasmid preparatron in a PGR 
reaction using the mutant polymerase encoded by that plasmxd, 
polymerase being present in the host cell -tract; 

(d) recovering the PGR products of (c) ; and 

(e) recovering a DNA substrate molecule encoding an 
evolved polymerase from the products of (d) . 

164. The method of claim 163, wherein the reaction of 
(c) is carried out in the presence of an organic solvent, a base 
analog, or inosine. 

165. The method of claim 163, wherein (a) - (e) are 

repeated. 

166. An evolved polymerase produced by the method of 

claim 163 . 

, 167. The method of claim 163, wherein the products of 

2 (e) are subjected to mutagenesis. 

1 168 . The method of claim 167, wherein mutagenesis 

2 comprises recursive sequence recombination. 

1 16 9. The method of claim 167, wherein the products of 

2 claim 167 are used in (a) . 

. 170. The method of claim 163, wherein the DNA substrate 
2 molecule of (e) comprises a library of DNA substrate molecules. 

171 A method for evolving a p-nitrophenol phosphonatase 

2 from a phosphonatase encoded by a DNA substrate molecule, 

3 comprising:^ ^ ^ ^ ^ gubstrate 
5 molecule, the library comprising a plasmid expression vector; 
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(h ) transfecting a host, wherein the host phn operon is 

delet6d; (C ) selecting for growth of the transf ectants of (b) 
using a p-nitrophenol phosphonatase as a substrate; . 

(d) recovering the DNA substrate molecules from 
transf ectants selected from (e) ; and 

(e) recovering a DNA substrate molecule from (d) 
encoding an evolved phosphonatase. 

172. The method of claim 171, wherein (a) - (e) are 

repeated. 

x„. The method of elaim 171. wherein the phosphonatase 
is seiected from the group consisting of beta-lactamase and aXky! 
phosphonatase. 

174. An evolved p-nitrophenol phosphonatase produced by 
the method of claim 173. 

175. The method of claim 171. wherein the products of 
, ( e) are subjected to mutagenesis. 

1 176. The method of claim 175, wherein mutagenesis 

2 comprises recursive sequence recombination. 

177. The method of claim 175, wherein the products of 
2 claim 175 are used in (a) . 

178. The method of claim 171, wherein the DNA substrate 
2 molecule of (e) comprises a library of DNA substrate molecules. 

179. A method for evolving a protease encoded by a DNA 

2 substrate molecule comprising: the DNA substrate 

(a) providing library of mutants of the DNA suo 
wule the library comprising a plasmid expression vector, 

4 molecule, tne r eprretorv 

5 wherein the DNA substrate molecule xs Unked to a secretory 

6 leader; 
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; a complex P-«™' a C substrat e molecule from <=> 
" encoding an evolved protease. 

. 1M . The method of claim 173. wherein (a! - (d) are 
2 repeated. 

181. An evolved subtilisin produced by the method o£ 

2 claim 179 . 

.v, a of claim 179, wherein the products of 

182. The method of claim x/=>, 

2 (d) are subjected to mutagenesis. 

183 The method of claim 182, wherein mutagenesis 
2 comprises recursive sequence recombination. 

184 . The method Of claim 182, wherein the products of 
2 claim 184 are used in (a) . 

* a of claim 179, wherein the DNA substrate 

185 . The method of claim ^ 

2 molecule of (d) comprises a library 

186 . The method of claim 179, wherein the protease is a 
2 subtilisin. 

187 . A method for screening a library of protease 

] stents displayed on a phage to obtain an to 

3 .herein a »A substrate molecule encoding p^ ^ ^ 

4 DNA encoding a filamentous phage protein 

5 protein, comprising: expr essing the fusion proteins 

,.) provide host eel 1 «* ^ ent „ p 

° (b) overlaying host cells with a pro 

8 (c , washing the product of (b) to recover phage 

lu liberated by digestion of the protein net; 
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lA) recovering DNA from the product of (O ; and 

Z recovering a DNA substrate fro. (d) encode an 

13 improved protease. 

1M . The method of claim 187. -herein (a) - (e) are 

2 repeated. 

1M . » evolved protease produced by the method of claim 



1 

2 187. 



„.. The method of claim 187. wherein the products of 
2 (e) are subjected to mutagenesis. 

191 The method of claim 180, wherein mutagenesis 
\ comprises recursive sequence recombination. 

192 . The method of claim 180, wherein the products of 
2 claim 190 are used in (a) . 

a * la ^ m 187 wherein the DNA substrate 
193 The method of claim 187, wnere lor , 1l1ps 

1 • c a library of DNA substrate molecules. 

2 molecule of (e) comprises a library o 

2 mutants "i^J^^^^* 1 * substrates, the 
3 4 pe ptide sltrUrising a fluorophore and a fluorescence 

5 ^ ncheri scre ening tha library of protease mutants for 

6 7 ability to'cLr the 9 peptide substrates, wherein fluorescence rs 

8 measured; and protease mutant 

(c) recovering DNA encoding at least on y 

9 

10 from (b) . 

lM . x method for evolving an alpha interferon gene 
\ comprising: _ rf ^ alpha 

3 4 g enes. the library comprising a filamentous phage vector; 
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5 
6 
7 

I 13 «c, separating the cells expressing GFf by FACS, 

(« recovering phage fron, the product of (c) ; and 
" ,.; recovering an evolved interferon gene fron, the 

12 product of (d) . 

19 6. The method of claim 195, wherein the interferon 
2 responsive promoter is an MHC I promoter. 

1 197. The method of claim 195, wherein (a) - (•) are 

2 repeated. 

1M. An evolved interferon produced by the method of 

2 claim 195. 

19 9. The method of claim 195, wherein the products of 
2 (e) are subjected to mutagenesis. 

200. The method of claim 199, wherein mutagenesis 
2 comprises recursive sequence recombination. 

201. The method of claim 199, wherein the products of 
2 claim 199 are used in (a) . 

202 The method of claim 195, wherein the evolved 
2 interferon gene of (•) comprises a library of genes. 

203 A method for screening a library of mutants of a 

1 203. a me evo ived DNA substrate, 

2 DNA substrate encoding a protein for an evoi 

3 comprising: m the library 

4 (a) providing a library of mutants, tne 

5 comprising an expression vector; U brary 

(b) transfecting a mammalian host cell witn _ 
6 7 c , (a) , .herein mutant protein is expressed on. the surf ace of 
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8 S Cel1 '' (e) screening or selecting the products of lb, with a 

» U9and ^recovering *» encoding mutant protein fro*, the 
» P-ducts °' (e) *»; c ^ er . ng „ evolved DNA substrate fro. the 

14 products of (d) . 

204 . The method of claim ,03. wherein the ligand is an 

2 antibody. 

205 The method of claim 203, wherein the ligand is a 
\ substrate and the protein is an enryn-e. 

, « 503 wherein the expression 

206. The method of claim 203. wh 
2 vector comprises an SV40 origin and the host cell 

i 

2 is expressed transiently. 

20 e. The method of claim 203, wherein the host cell 
\ further comprises SV40 large T antigen. 

209 . The method of claim 2 03 , wherein the protein is en 

2 antibody. 

210. The method of claim 2 03, wherein (a) - (.) are 

2 repeated. 

2 molecule encodes all or pa 

212 . An evolved protein produced by the method of clai™ 



1 

2 203. 



213 . The method of claim 203 , wherein the products of 
2 (e) are subjected to mutagenesis. 
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214. The method of claim 213, wherein mutagenesis 
2 comprises recursive sequence recombination. 

215. The method of claim 213, wherein the products of 
2 claim 213 are used in (a) . 

216 . The method o £ claim 203, wherein the DNA substrate 

1 . ,., rarv of DNA substrate molecules. 

2 molecule of (e) comprises a library of 

217 A method for evolving a DNA substrate molecule 

— " rrX^^r- <*- inte.eron 

the library comprising an expression vector wherern the 
rpha rer^ne/are expressea unaer the control o £ an 

indU=ible ^t^ecting host ceiis with the library o £ «a, , 
c) contacting the proauct of (b> with a vrrus, 
,a, recovering DNA ending a mutant alpha rnter.eron 

12 product of (d) • 

218 . The methoa o £ claim 217. wherein the promoter is a 
2 metallothionein promoter. 

219. The method of claim 217, wherein the virus is HIV. 

220. The method of claim 217, wherein the virus further 
2 comprises a conditionally lethal gene. 

221. The method of claim 217, wherein the conditionally 

2 lethal gene is thymidine kinase. 

, -o ( ,n wherein the transfected 

oo-> The method of claim 21/, wnetex 

1 222 • Tne „ lot -h S l selective conditions. 

2 cells are exposed to conditionally lethal selecti 

223. The method of claim 217, wherein (a) - (e) are 



1 

2 

3 

4 

5 
6 
7 
8 
9 
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repeated. 

224. An evolved IFNa polymerase produced by the method 
of claim 217. 

225. The method of claim 217, wherein the products of 
(e) are subjected to mutagenesis. 

226. The method of claim 225, wherein mutagenesis 

1 comprises recursive sequence recombination. 

L 227. The method of claim 225, wherein the products of 

2 claim 218 are used in (a) . 



1 
2 

1 
2 
3 
4 
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The method of claim 217, wherein the DNA substrate 
ra olecule of (e) comprises a library of DNA substrate molecules . 

229 A method for evolving the stability of a protein 
encoded by a DNA substrate molecule, the DNA substrate molecule 
comprising a fusion of a DNA sequence encoding the protein with a 
DNA sequence encoding a filamentous phage protein to generate a 

5 fusion protein, the method comprising: 

6 ' (a) providing a host cell expressing a library of 

7 mutants of the fusion protein; 

8 (b) affinity purifying the mutants with a ligand for the 
protein, wherein the ligand is a human serum protein, tissue 
specific protein, or receptor; 

(c) recovering DNA encoding a mutant protein from the 

affinity selected mutants of (b) ; and 

(d ) recovering an evolved gene encoding the protein from 



9 
10 
11 
12 
13 

14 the product of (c) . 



1 
2 
3 



230. The method of claim 229, wherein the serum protein 
is serum albumin, immunoglobulin, lipoprotein, haptoglobin, 
fibrinogen, transferrin, alpha- 1 anti-trypsin, or alpha -2 



4 macroglobulin. 
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231 The method of clai* 229. wherein the DHA sequence 
2 encoding the ill— t— #f P-" 1 " 3 Pl * 9e ' 

232 The method of claim 22*. wherein the DNA sequence 
2 encoding the filamentous phage protein uprises a phages. 

23 3 The method of claim 229. wherein the products of 

1 , , . hh . h al£-life extending moiety. 

2 step (a) are derivitized with a halt 

23 4. The method of claim 229, wherein the moiety is 
2 polyethylene glycol. 

, 35 The method of claim 229, wherein the DNA substrate 
set a fusion of nucleic acid encoding the protein 

2 molecule comprises a fusion ° , 

3 with nucleic acid encoding an epitope tag. 

236 The method of claim 235, wherein the products of 
\ (a) are contacted with a protease prior to (b) . 

237. The method of claim 235, wherein the ligand is an 
2 antibody specific for the epitope tag. 

238. The method of claim 229, wherein the protein is 

2 selected from Table I . 

239 . The method of claim 229, wherein the products of 
,., are subjected to heat, metal ions non-physiological pH. 

3 lyophilization, or f reeze-thawing before (b) . 

240. The method of claim 229, wherein (a) - (.) are 

2 repeated. 

241. » evolved polymerase produced by the method of 



1 

2 claim 229. 



242. The method of claim 229, wherein the products of 
2 (d) are subjected to mutagenesis. 
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243. The method of claim 242, wherein mutagenesis 
comprises recursive sequence recombination. 

244. The method of claim 242, wherein the products of 
claim 242 are used in (a). 

245 The method of claim 229, wherein the evolved gene 
of (d) comprises a library of DNA substrate molecules. 

246. A method for evolving a protein having at least two 

subunits, comprising: 

(a) providing a library of mutant DNA substrate 

mnlecules for each subunit; 

,b, recombining the libraries into a library of srngle 
chain constructs of the protein, the single chain construct 
uprising a DNA substrate molecule enco f "3 "Ch subunrt 
sequence, the subunit sequence being linked by a Irnker at a 
nucleic acid sequence encoding the a.ino terminus or one subunrt 
to a nucleic acid sequence encoding the carboxy termrnus of a 

second subunit; 

(c) screening or selecting the products of (b) , 

(d ) recovering recombinant single chain construct DNA 
substrate molecules from the products of (c) ; 

(•) subjecting the products of (d) to mutagenesrs; and 
{f) recovering an evolved single chain construct DNA 
substrate molecule from (e) . 

247. The method of claim 246, wherein the products of 
(b) are displayed on a phage. 

248. The method of claim 246, wherein the protein is 
2 selected from Table I. 

249. The method of claim 246, wherein (a) - (f) are 
2 repeated. 

, 250. An evolved protein produced by the method of claim 



L 



1 
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2 246. 

1 251. The method of claim 246, wherein the products of 

2 (f) are subjected to mutagenesis. 

! 252. The method of claim 246, wherein mutagenesis 

2 comprises recursive sequence recombination. 

1 253. The method of claim 246, wherein the products of 

2 claim 246 are used in (a) . 

! 254 The method of claim 246, wherein the evolved DNA 

2 substrate molecule of (f) comprises a library of DNA substrate 

3 molecules. 



1 
2 



255 A method for. evolving the coupling of a mammalian 
7-transmembrane receptor to a yeast signal transduction pathway, 

3 comprising: 

4 " (a) expressing a library of mammalian G alpha protein 

5 mutants in a host yeast cell, wherein the host cell expresses the 

6 mammalian 7-transmembrane. receptor and a reporter gene, the 

7 receptor gene geing expressed under control of a yeast pheromone 

8 responsive promoter; 

9 ~ (b) screening or selecting the products of (a) for 

10 expression of the reporter gene in the presence of a ligand for 

11 the 7-transmembrance receptor; and 

12 (c) recovering DNA encoding an evolved G alpha protein 

13 mutant from screened or selected products of (b) . 

! 256. The method of claim 255, wherein the products of 

2 (c) are subjected to mutagenesis. 

! 257. The method of claim 256, wherein mutagenesis 

2 comprises recursive sequence recombination. 

1 258. The method of claim 255, wherein the products of 

2 claim 255 are used in (a) . 
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259. The method of claim 255, wherein (a) - (O are 

repeated. 

260. An evolved G alpha protein produced by the method 
of claim 255. 

261. The method of claim 255, wherein the reporter gene 
is lucif erase. 

262. The method of claim 255, wherein the pheromone 
responsive promoter is positively regulated by GAL4 and wherein 
GAL4 is expressed under the control of a pheromone sensrtrve, GAL4 
enhanced promoter. 

263. A method for recombining at least a first and 
second DNA substrate molecule, comprising: 

(a) transfecting a host cell with at least a first and 
second DNA substrate molecule wherein the at least a first and 
second DNA substrate molecules are recombined in the host cell; 

(b) screening or selecting the products of (a) for a 

desired property; and 

(c) recovering recombinant DNA substrate molecules from 

(b) . 

264. The method of claim 263, wherein the products of 
2 (c) are subjected to mutagenesis. 

1 265. The method of claim 264, wherein the mutagenesis 

2 comprises recursive sequence recombination. 

x 266. The method of claim 263, wherein (a) - (O are 

2 repeated. 

x ■ 267. The method of claim 263, wherein the products of 

2 claim 263 are used in (a) . 

x 268. A method for evolving a DNA substrate sequence 



9 
10 
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2 encoding a protein of interest, wherein the DNA substrate ^ 

3. comprises a vector, the vector comprising single- stranded DNA, the 

4 method comprising: 

5 (a) providing single-stranded vector DNA and a library 

6 of mutants of the DNA substrate sequence; 

7 (b) annealing denatured double- stranded DNA from the 

8 library of (a) to the single stranded vector DNA of (a) ; 

(c) transforming the products of (b) into a host; 

(d) screening the product of (c) for a desired 

11 property; and 

12 (e) recovering evolved DNA substrate DNA from the 

13 products of (d) . 

x 269 . The method of claim 268, wherein the product of (e) 

2 is subjected to mutagenesis. 

! 270. The method of claim 269, wherein mutagenesis 

2 comprises recursive sequence recombination. 

1 271. The method of claim 269, wherein the product of 

2 claim 269 is used in (a) . 

272. The method of claim 268, wherein the host is a mutS 



1 

2 host . 



! 273. The method of claim 268, wherein the vector is a 

2 phagemid . 



